. The mean annual effective dose received by the members of public from inhalation of radon and its progeny and external gamma exposure was estimated to be 0.23 mSv year À1 , which is falling well under the annual effective dose limit of 1 mSv year À1 recommended by ICRP.
a b s t r a c t
In the environs of uranium mineralized terrain, a little higher ambient radon concentration and airborne gamma radiation level may be expected in comparison with natural background. It is necessary to determine the radon concentration and gamma radiation level in comparison with natural background radiation for future control or to minimize the health risks. The present study gives a brief account of atmospheric radon concentration, gamma absorbed dose rate and radiation dose received by the members of public in the vicinity of the proposed uranium mine area of Nalgonda district, Andhra Pradesh, India. The ambient radon concentration in the air in the study area was found to vary from 1.74 to 25.6 Bq m
À3
with geometric mean of 8.88 Bq m À3 and geometric standard deviation of 1.75 Bq m
. The measured gamma absorbed dose rate in air at 1 m above the ground ranged from 4.6 to 29.8 mR h À1 with an overall arithmetic mean of 16.63 AE 1.39 mR h
À1
. The mean annual effective dose received by the members of public from inhalation of radon and its progeny and external gamma exposure was estimated to be 0.23 mSv year À1 , which is falling well under the annual effective dose limit of 1 mSv year À1 recommended by ICRP.
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Introduction
Knowing the baseline level of radioactivity in areas naturally enriched in radionuclides is important in the uranium mining context to assess radiation doses to humans and the environment both during and after mining. The exposure of human beings to ionizing radiation from natural sources is a continuing and inescapable feature of life on earth. There are two main contributors to natural radiation exposures: highenergy cosmic ray particles incident on the earth's atmosphere and radioactive nuclides that originated in the earth's crust and are present everywhere in the environment, including the human body itself. Radon gas and its progeny are naturally occurring radionuclides formed within the decay series of 238 U present in all natural sources of the atmosphere.
Inhaled radon progeny is the major source of background radiation exposures that account for more than 50% of the radiation dose to the general population (Nagaraja et al., 2006) . Radon is an inert gas and diffuses through and emanates from U rich soils and rocks without undergoing chemical reactions.
The radon flux density depends on the type of soil (sandy, silty etc.), its porosity and moisture, the uranium and radium content, and the depth of the water table, which impedes the flow of soil gas Irradiation of the human body from external sources is mainly by gamma radiation from radionuclides in the 238 U and 232 Th series and from 40 K. About 20% of the natural radiation dose is due to external radiation from terrestrial radioactivity (Rana et al., 2011) . Clarification on the behavior of radon-related radioactivity in air is an issue of wide importance in the field of radiation protection, earthquake prediction and atmospheric conductivity. 222 Rn is a ubiquitous radioactive inert gas with a half-life of 3.8 d existing in variable quantities throughout the world. It is radiologically important because exposure to radon and its progeny is associated with cancer and other diseases of the respiratory tract (Ashok et al., 2011) . It has also been found that the radon and its progeny are responsible for 5e20% of all lung cancer deaths (Myres & Newcomb, 1979) and hence about 21,000 lung cancer deaths occur annually from radon-induced lung cancer in USA, according to the study conducted by EPA (USEPA, 1997). The earlier studies in this area had been reported, about 43% of the groundwater samples had uranium concentration above the drinking water standard level of 30 ppb set by the USEPA (Raghavendra et al., 2013) . Hence, it is very important to know the levels of radon and its progeny in the living environment. In this study the base line survey had done to determine the pre-mining radiological conditions of atmospheric radon, external gamma radiation level and assessment of radiation dose at the Peddagattu and Seripally regions of Nalgonda district, Andhra Pradesh, India. This study can be used as reference information to assess any changes in the radioactivity level during and after post-operation phase of mining.
Materials & methods

Site description
The two study areas namely Peddagattu and Seripally are contiguous and bound by latitudes 16 J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 6 9 e2 7 3 indicated in Fig. 1 annual rainfall is about 500 mm occurring mostly during southwest monsoon (CGWB, 2007) . The topography of the area comprises an undulating terrain dotted with few hills and has a maximum elevation of 348 m on northwestern side and minimum elevation of 170 m on the eastern side.
Measurement technique
Measurement of radon concentration and gamma absorbed dose
In the present work, LLRDS (low-level radon detection system) was used for the estimation of radon concentration (Fig. 2) . It is the most active, simple and convenient system for indoor and field measurements (Srivastava et al., 1984) . As the name signifies, the LLRDS can measure very low concentrations of the orders prevailing in the atmospheric air. LLRDS consists of sample collection chamber of 24 cm in diameter and 12.5 cm in height. The volume of the chamber is 5 L. It is provided with a swage lock connector for an air inlet and outlet. It has an inner arrangement for exposing metallic disc to the 222 Rn gas. In this method, the LLRDS chamber was evacuated and the air was allowed inside, until it attains the pressure equilibrium with the atmosphere (2e3 min). A delay of 10 min was allowed for the complete decay of thoron, which may be present in the chamber. A negative potential (À900 V DC) was then applied generally for about 90 min for the saturation of radon daughter atoms on the collection plate. At the end, the plate was removed and alpha counted. Micro-R Radiation Survey Meter (UR705), supplied by Nucleonix Private Limited, India was used for measurement of external gamma radiation level in air at different sites around the proposed mine. The survey meter is used to measure low level radiation from 1 mR h À1 to 10 mR h À1 with auto range selection. The quality of data and performance of the instruments have been evaluated by periodical calibration of the instruments. Calibration of Alpha Guard and survey meter has been periodically carried out at Nucleonix Private Limited, Hyderabad.
Calculation of annual effective dose
Exposure to radon and its short-lived progenies contribute maximum dose to the human population from natural sources of radiation. By assuming equilibrium factor 0.6 between radon and its short-lived progenies and occupancy factor 0.2 (UNSCEAR, 2000), the outdoor radon exposure was calculated in terms of WLM year À1 by using Eq. (1).
WLM year
WLM year À1 obtained from radon concentration is further converted into effective dose using a dose conversion factor 10e20 mSv WLM À1 (ICRP, 2010). All measurements were carried out at 1 m height above the ground level. Again, terrestrial radiation contribute a major parts of the total radiation exposure to the population and it depends upon the distribution of radionuclide in different rocks, soils, water and food materials. The naturally occurring radioactive element like potassium, uranium and thorium are the major contributor to the terrestrial gamma radiation (Myric et al., 1983) . To estimate the annual effective dose rates, the conversion coefficient from absorbed dose in air to effective dose, 0.7 Sv Gy À1 and outdoor occupancy factor of 0.2 were used in Eq. (2). The effective dose rate in the units of mSv year À1 was calculated by using the formula in Eq. (2).
Effective dose rate À mSv year 3. Result and discussion 3.1. Radon and external gamma radiation Table 1 presents statistical data analyses results of ambient radon concentration and external gamma radiation levels around the Peddagattu and Seripally regions of Nalgonda Fig. 2 e Low-level radon detection system. J o u r n a l o f R a d i a t i o n R e s e a r c h a n d A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 6 9 e2 7 3 district, Andhra Pradesh, India. Investigated during August 2010 to December 2011. Outdoor radon concentration was found to be close to lognormal distribution. The overall radon concentration during the period of study was found to vary from 1.74 to 25.6 Bq m À3 with geometric mean 8.8 Bq m À3 and geometric standard deviation 1.75 Bq m
À3
. The ambient radon level in this area was found to be a little higher than global average of 10 Bq m À3 (Srivastava et al., 1984) . The frequency distribution of measured radon concentration is shown in Fig. 3 ), where as a lowest radon level was observed in the Nagarjun sager (1.74 Bq m À3 ). A little wide variation in radon level at different measuring locations may be due to local geology and other meteorological parameters like temperature, wind speed etc. (Jha et al., 2000) . However, these concentrations are well below the action levels of 200e600 Bq m À3 recommended in the ICRP (ICRP, 2010) . The gamma absorbed dose rate of the present study was found to be much less than the worldwide average value of 60 nGy h À1 and that of national average of 56 nGy h À1 of India as reported by UNSCEAR (UNSCEAR, 2000) . A lowest averaged gamma absorbed dose rate of 4.6 nGy h À1 was observed in K.P Gudem village and a higher averaged value of 29.8 nGy h À1 was observed in Charakonda village, respectively.
Further, no much wide variation in average measured gamma absorbed dose rate was noticed at different measuring sites around the mine. The frequency distribution of gamma absorbed dose rates measured around the proposed uranium mine showed a normal distribution (Fig. 4) . The study region may be categorized as a little elevated radiation level than the natural background.
Assessment of radiation dose
Geometric mean of measured radon concentration and average gamma absorbed dose rate around the proposed mine were used for estimation of effective dose received by a member of public around the proposed mine. An equilibrium factor 0.6 was used to calculate the equilibrium equivalent radon concentration in air and using an occupancy factor 0.2 for outdoor, inhalation effective dose due to radon and its daughters was computed by using Eq. (1). The outdoor mean inhalation effective dose due to radon and its daughters was estimated to be 0.058 mSv year À1 which is much less than global average effective dose of 0.095 mSv year
À1
(UNSCEAR, 2000). Further, by using Eq. (2) outdoor external gamma dose was calculated. The external gamma dose was estimated to be 0.0017 mSv year À1 which is much less than global average effective dose of 0.07 mSv year À1 (UNSCEAR, 2000) . The total annual effective dose received by a member of the public was estimated to be 0.23 mSv year À1 around the proposed uranium mining environment, which is about less than of annual effective dose limit of 1 mSv year À1 for the members of the public as recommended by ICRP (ICRP, 2010). The mean annual effective dose from outdoor radon and external gamma radiation is merely a small fraction of mean annual effective dose of 2.4 mSv year À1 from natural sources worldwide.
Conclusions
Preliminary results from the study showed that the radon concentration in the surrounding villages around proposed uranium mine was found to vary from 1.74 to 25.6 Bq m . The measured external gamma radiation level in study area was found to vary from 4.6 to 29.8 nGy h À1 with an average of 17.43 AE 4.92 nGy h
À1
. The outdoor radon and external gamma radiation level are found much less than global average of radon and gamma radiation level. The mean annual effective dose received by the Fig. 3 e Frequency distribution of radon concentration in surrounding environment of proposed uranium mine area of Peddagattu and Seripally regions, Nalgonda district, Andhra Pradesh, India. Fig. 4 e Frequency distribution of external Gamma radiation levels in surrounding environment of proposed uranium mine area of Peddagattu and Seripally regions, Nalgonda district, Andhra Pradesh, India.
members of the public from outdoor radon and external gamma radiation was found to be 0.23 mSv year
, which is a small fraction in annual effective dose limit of 1 mSv year À1 for the members of the public as recommended by ICRP. The data obtained in this study is considered as baseline monitoring around this proposed mining environment. The outdoor radon and gamma radiation levels observed around Peddagattu and Seripally regions do not have any significant impact on radon and gamma radiation in the public domain.
